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Description
BACKGROUND
Field of Invention

[0001] The present invention relates to insufflation of
recycle dust in a kiln. More particularly, the present in-
vention relates to novel apparatus and processes for the
injection of an oxidant into a fluidized recycle dust
stream to improve calcination of recycle dust in a rotary
kiln used for the calcination of minerals such as cement,
lime, dolomite, magnesia, titanium dioxide, and other
calcined materials.

Brief Description of Related Art

[0002] Cement may be manufactured by mixing and
reacting raw materials such as calcium carbonate, sili-
ca, alumina, iron oxide, magnesium carbonate, etc. in a
high temperature rotary kiln. A composition including the
above material first undergoes a drying and heating
process. Next, the material undergoes a calcination
process, in which carbonate minerals are converted into
mineral oxides. The above minerals are then recom-
bined at much higher temperatures to produce a product
comprising calcium silicates and calcium aluminates.
The resulting product, referred to as clinker, is then
cooled, pulverized, and mixed with additional ingredi-
ents to form cement.

[0003] Fig. 1 is a schematic, cross-sectional illustra-
tion of an exemplary rotary kiln. Referring to Fig. 1, ro-
tary kiln 100 includes an inclined, rotatable clinker bed
110 having an inlet 112 for receiving raw clinker material
114 and an outlet 116 for releasing clinker material 114.
Burner 118 provides a flame that extends into the interior
of kiln 100 to define a combustion zone necessary to
increase the temperature of the raw clinker material 114
that moves through kiln 100, and to enable the various
chemical reactions that transform the raw material into
clinker 114. It will be noted that in some modern cement
plants, a significant amount of heat energy may be pro-
vided to the raw material prior to its arrival in kiln 100.
In operation, clinker raw material 114 is fed into inlet 112
and flows along rotatable clinker bed 110, where it is
subjected to heat from burner 118.

[0004] Depending on the raw product quality, kilns
can be designed for wet, semiwet, semi-dry and dry
processes. The specific process determines the kiln di-
mensions. Each of these processes commonly uses an
inclined rotary kiln. Raw materials are fed to the kiln at
the elevated end and flow in a direction opposite the flow
of combustion products originating from the main burn-
er. The combustion of fuel and oxidant in burner 118 pro-
vides the required heat for the efficient processing of the
material.

[0005] Inmany cases, particularly in long dry kilns, the
calcining process results in a substantial amount of dust
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entrained in flue gases 120. The dust entrained in the
flue gas system comprises completely and partially
processed product, unburned carbon from fuel, various
condensates and used refractory wall lining from the
kiln. The dust, collected by the bag-house or cyclone
separators, can be as much as 20% of the total raw ma-
terial fed to the kiln. Under the government land recla-
mation laws and the Resource Conservation and Re-
covery Act (RCRA), the cement dust is considered a
hazardous substance and the land disposal costs can
be significant. Accordingly, it is both environmentally
and economically desirable to recycle as much of this
dust as possible.

[0006] Fig. 2 is a schematic illustration of a conven-
tional dust recycling system 200. Kiln 204 emits flue gas
dust from flue 208. Flue gas dust is collected from the
bag-house 210 and/or cyclone type separator(s) 212.
The flue gas dust is stored in a dust collection vessel
216, also referred to as a storage bin. In most cases,
dense-phase conveying of flue gas dust is performed in
a repetitive batch operation. The recycled flue gas dust
enters an air-lock vessel commonly referred to as a
transmitter 220 at atmospheric pressure. At a desired
time (e.g., when the transmitter is full) the transmitter's
inlet valve is closed and air compressor 224 provides a
compressed air supply to increase the air pressure in
transmitter 220, typically to a pressure between 80 and
100 pounds per square inch gauge (psig) ( 5.5 to 6.9
Bar). The air flow through transmitter 220 fluidizes recy-
cled dust, which then flows under pressure in recycle
dust pipe 228 back to rotary kiln 204. At a desired time
(e.g., when transmitter 220 is empty), the air pressure
at transmitter 220 may be lowered to atmospheric pres-
sure and the cycle may be repeated. It will be appreci-
ated that multiple transmitters could be used to provide
a continuous operation.

[0007] The dense-phase conveying system depicted
in Fig. 2 can achieve a high throughput over a long dis-
tance using a recycle dust pipe 228 having a relatively
small diameter (e.g., 8 inches (0.2m) to 10 inches
(0.25m)). A conventional measuring device 218 may be
used to measure the mass of recycled dust conveyed
to the kiln. A conventional controlled air management
system 226 with pressure switches may be used to pres-
surize/depressurize each transmitter 220. Line boosters
232 may be used to provide additional air pressure at
regular intervals along recycle pipe 228, if necessary, to
reduce plugging of dense-phase recycle dust pipe 228.
It will be appreciated that the amount of air required for
transporting recycled dust depends upon parameters in-
cluding the average dust particle size, the diameter and
length of dust recycle pipe 228, and the desired flow
rate. It will also be appreciated that the recycle dust pipe
can be installed within the burner pipe.

[0008] Previous dust recycling efforts include a tech-
niqgue known as insufflation. Insufflation recycles flue
gas dust using a dust injection pipe to feed recycle dust
to the kiln's main burner. Conventional insufflation sys-



3 EP 1 085 282 A1 4

tems have the capability to recycle only a relatively small
proportion of the total dust generated by the kiln, prima-
rily because the recycle dust inhibits the main burner
flame, thereby reducing the efficiency of the kiln. Among
the undesirable effects of dust laden flame are a longer
flame, high CO emissions, increased fuel consumption,
incomplete clinker formation and lower yield.

[0009] Referring again to Fig. 1, kiln 100 includes a
recycle dust pipe 140 disposed adjacent burner 118 for
feeding recycle dust to burner 118. Dust pipe 140 is
commonly disposed above burner 118 such that recycle
dust exiting dust pipe 140 flows under the force of gravity
into the flame of burner 118. Techniques exist to in-
crease the amount of dust that can be recycled by a kiln.
One technique is to provide an oxygen lance 130 under-
neath the main burner as described in U.S. Patent No.
5,007,823 and U.S. Patent No. 5,572,938. Oxygen
lance 130 increases the amount of oxygen available to
the burner. In addition, oxygen may be added through
the existing air-fuel burner using an oxygen pipe 132 as
shown in U.S. Patent No. 5,572,938. In each of these
configurations, oxygen is provided to the main flame to
increase the main flame reaction rate.

[0010] Each of these insufflation techniques suffers
from some drawbacks. First, their efficiency is limited.
U.S. Patent 5,007,823 claims that the insufflation tech-
niques disclosed therein achieve, at most, a 65-75% in-
crease in the amount of dust that can be recycled, when
compared to a kiln in which no oxygen is added. Second,
the use of a separate dust injection pipe leads to local-
ized flame quenching at the dust injection location due
to the heating of the dust by the main flame. This causes
the flame to become relatively colder and less stable,
particularly at high dust injection rates. Third, the oxygen
injection rate and the dust recycle rate should be bal-
anced to maintain a desired kiln temperature profile and
product quality. Increasing the oxygen injection rate may
cause localized overheating of the product and the fur-
nace refractory. Conversely, increasing the recycle dust
injection rate may cause localized quenching or cooling
of the flame, flame instability, longer flame, higher CO
emissions, increase in the cold end kiln temperature and
incomplete clinker formation. Maintaining a desired re-
lationship between the dust injection rate and the oxy-
gen injection rate to effectively balance these effects is
difficult.

[0011] Accordingly, there is a need in the art for im-
proved systems and methods for recycling flue gas dust
from kilns.

SUMMARY

[0012] The presentinvention provides a recycled dust
injection system driven by an oxidant. The rate of dust
injection can be varied according to a desired relation-
ship with the oxygen flow rate. Directly coupling the ox-
ygen flow rate and amount of recycled dust allows kiln
operators to adjust the overall dust flow rate to reduce
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undesirable effects such as a dust laden longer flame,
high CO emissions, increase in cold end kiln tempera-
ture, incomplete clinker formation and lower yield. The
loss in weight feeder used for dust feeding may be elec-
tronically connected to the oxygen flow control valve so
a predetermined ratio between oxygen flow rate and
dust mass flow can be maintained in the dust injection
system.

[0013] In one aspect the present invention provides
an apparatus for recycling dust in a kiln useful for pro-
ducing clinkers. The apparatus comprises a kiln cham-
ber having an inlet and a outlet, a first burner positioned
so that its flame is directed into said kiln chamber, a re-
cycle dust source for providing a fluidized recycled dust
stream, and an oxidant source in fluid communication
with the recycle dust source for providing a fluidized re-
cycled dust stream.

[0014] In another aspect, the invention provides a
process for recycling dust in a kiln useful for producing
clinkers that comprises a first burner positioned so that
a flame is directed into a chamber of the kiln. The proc-
ess comprises the steps of flowing a fluidized recycle
dust stream to the first burner, and injecting an oxidant
stream into the fluidized recycle dust stream.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Fig. 1 is a schematic, cross-sectional illustra-
tion of an exemplary rotary kiln.

[0016] Fig. 2 is a schematic illustration of an exempla-
ry prior dust recycling system for use with a rotary kiln.
[0017] Fig. 3is aschematic, cross-sectional view, tak-
en along a longitudinal axis, of an oxidant-driven recycle
dust injection system in accordance with a first embod-
iment of the present invention.

[0018] Fig. 4 is a schematic, cross-sectional view, tak-
en along a longitudinal axis, of an oxidant-driven recycle
dust injection system in accordance with a second em-
bodiment of the present invention.

[0019] Fig. 4a is an enlarged, schematic, cross-sec-
tional view, taken along a longitudinal axis, of the system
depicted in Fig. 4.

[0020] Fig. 5is a schematic, cross-sectional view, tak-
en along a longitudinal axis, of an oxidant-driven recycle
dust injection system in accordance with a third embod-
iment of the present invention.

[0021] Fig. 6is a schematic, cross-sectional view, tak-
en along a longitudinal axis, of an oxidant-driven recycle
dust injection system in accordance with a fourth em-
bodiment of the present invention.

DETAILED DESCRIPTION

[0022] In one aspect, the present invention provides
an improved dust recycling system that uses an oxidant
to deliver recycle dust to a heat source. The term "oxi-
dant", according to the present invention, means a gas
with an oxygen molar concentration of at least 50%.
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Such oxidants include oxygen-enriched air containing
at least 50% vol., oxygen such as "industrially" pure ox-
ygen (99.5%) produced by a cryogenic air separation
plant or non-pure oxygen produced by e.g. a vacuum
swing adsorption process (about 88% vol. O, or more)
or "impure" oxygen produced from air or any other
source by filtration, adsorption, absorption, membrane
separation, or the like, at either room temperature
(about 25« C.) or in preheated form. Preferably, the ox-
idantis introduced at a relatively high pressure (e.g., be-
tween about 20 psig (1.4 Bar) and 100 psig (6.9 Bar),
and more preferably between about 80 psig (5.5 Bar)
and 100 psig (6.9 Bar)) near the terminal end of arecycle
dust pipe in a kiln. By way of example, in the kiln depict-
ed in Fig. 1, an oxidant may be introduced into recycle
dust pipe 140 at a position relatively near its terminal
end 142.

[0023] A dust recycling system and process accord-
ing to the invention includes an oxidant supply and con-
trol system for providing an oxidant flow rate of between
2000 standard cubic feet per hour (scfh) (0.0146 Nm3/
sec) to 200,000 scfh (1.46 Nm3/sec). The oxidant supply
system may be of conventional design and may include
a standard train including a flow strainer, double block
and double bleed type safety valves, low and high pres-
sure switches, flow metering, automatic flow control
valve(s) connected to a programmable logic controller
(PLC) or personal computer (PC), pressure and flow in-
dicators and check valves for unidirectional flow. The
system further includes an oxidant driven dust injection
system, multiple embodiments of which are discussed
in detail below. Additionally, the system may include a
control system for establishing a predetermined ratio of
recycled dust mass to the oxygen flow rate.

[0024] Fig. 3 is a schematic, cross-sectional illustra-
tion of an oxidant-driven recycle dust injection system
in accordance with a first embodiment of the present in-
vention. Referring to Fig. 3, there is illustrated a segment
of recycle dust pipe 310 for transporting fluidized recycle
dust to the burner of a kiln, such as kiln 100 in Fig. 1.
Recycle dust pipe 310 may correspond to recycle dust
pipe 228 in a dense-phase conveying system for recycle
dust depicted in Fig. 2. Recycle dust pipe 310 may be
made from any suitable metal or metal alloy and has a
diameter (D) that preferably measures between about 1
inches ( 2.5 cm) and about 12 inches (30.5 cm), and
more preferably between about 2 inches (5.1 cm) and
about 6 inches (15.2 cm).

[0025] Recycle dust pipe 310 transports recycle dust
fluidized with air, typically under elevated pressures
measuring between 80 psig (5.5 Bar) and 100 psig (6.9
Bar), to a terminal downstream end 312 disposed prox-
imate a heat source. Referring to Fig. 1, terminal end
312 may be disposed above kiln burner 118 such that
recycle dust flows to burner 118 under the force of grav-
ity. In accordance with the present invention, an oxidant
injection system 320 is installed within dust pipe 310.
Oxidant injection system 320 comprises an oxidant
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source (not shown) for providing oxidant flow, indicated
by arrow 330, an oxidant pipe 324, and nozzle 328 at-
tached to the discharge end of oxidant pipe 324. Oxidant
injection system 320 also preferably includes a check
valve 322 to prevent back flow through oxidant injection
system 320.

[0026] Check valve 322, oxidant pipe 324, and nozzle
328 may be made from commercially available alloy
steel. Nozzle 328 is removably attached to oxidant pipe
324 using conventional attachment mechanisms (e.g.,
machine threading) such that the nozzle may be re-
placed or adjusted to vary the oxidant velocity depend-
ing upon parameters including the recycle dust flow rate
and kiln size. Oxidant pipe 324 must be dimensioned to
fit within recycle dust pipe 310 and preferably does not
substantially interfere with the flow of recycle dust in re-
cycle dust pipe 310. Preferably, the diameter of oxidant
pipe measures between about 0.25 inches (0.63 cm)
and about 3 inches (7.6 cm), and more preferably be-
tween about 0.5 inches (1.3 cm) and about 2 inches (
5.1 cm). In preferred embodiments, the ratio of the vol-
ume flow rate of oxygen to dust may range from 1000
scf of oxygen per ton of dust (26 Nm3/ton) to 20,000 scf
of oxygen per ton of dust (520 Nm3/ton), and more pref-
erably from 5000 scf of oxygen per ton of dust (130 Nm?3/
ton) and 12,000 scf of oxygen per ton (312 Nm3/ton).
[0027] Oxidant injection system 320 provides a high
velocity oxidant-driven recycle dust transport. The high
velocity oxidant acts as a transport medium to carry the
dust particles to the main flame core and to accelerate
the combustion process. Oxygen in the oxidant is thor-
oughly mixed with recycled dust that exits the dust pipe
and enters the main flame inside the kiln. The combus-
tion of recycle dust with oxygen is possible due to carbon
and other combustible materials present in the recycled
dust. The increased concentration of oxygen surround-
ing the dust particles enables a faster heating and
processing of the recycled dust without quenching the
flame or causing the flame to become unstable, unduly
long, or resulting in the production of excessive CO
emissions.

[0028] To facilitate effective mixing of the oxidant and
the recycle dust, the oxidant preferably is injected at a
predetermined distance from the terminal end 312 of re-
cycle dust pipe 310. For a given recycle dust pipe diam-
eter D, a mixing length L is desired to provide a partial
mixing of the fluidized recycled dust stream and oxidant
stream 330 injected into dust pipe 310. Preferably,
length L is selected to provide an L/D ratio that meas-
ures between 0.25 to 4.0. Mixing lengths (L) that result
in an L/D ratio lower than 0.25 tend not to provide ade-
quate mixing of oxidant stream 330 and recycle dust
332. Mixing lengths (L) that result in a L/D ratio higher
than 4.0 may increase the oxygen concentration in ox-
ygen pipe 324 to a level that causes combustion within
the dust pipe, which can cause partial melting of the dust
pipe. The combustion within the dust pipe may occur if
the recycled dust is contaminated with fuel, carbon par-
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ticles, etc.

[0029] Inoperation, recycle dust 332 flows through re-
cycle dust pipe 310, typically fluidized by high pressure
(e.g. 80 psig (5.5 Bar) to 100 psig (6.9 Bar)) air. An ox-
idant stream 330 from a suitable oxidant source is in-
jected into the recycle dust stream through nozzle 328
in a preferred velocity range of 100 to 1,000 feet per
second (30 to 300 m/sec). A suitable oxidant source
preferably includes a storage vessel for storing and pro-
viding oxidant injection system 320 with oxidant under
a pressure that preferably measures between 20 psig
(1.4 Bar)and 150 psig (10.3 Bar), and more preferably
between 50 psig (3.4 Bar) and 100 psig (6.9 Bar). Par-
ticular details of the oxidant storage and compression
system are not critical to the present invention. One of
ordinary skill in the art is capable of providing a suitable
oxidant storage and compression system for oxidant in-
jection system 320.

[0030] Fig. 4 is aschematic, cross-sectional view, tak-
en along a longitudinal axis, of an oxidant-driven recycle
dust injection system in accordance with a second em-
bodiment of the present invention. The second embod-
iment, as shown in Figure 4, employs an oxidant injec-
tion system that is substantially similar to the embodi-
ment depicted in and described with reference to Fig. 3,
but allows increased diffusion of oxygen within the re-
cycled dust using a perforated or permeable oxygen
pipe 424.

[0031] Referring to Fig. 4, recycle dust pipe 410 trans-
ports recycle dust fluidized with air, typically under ele-
vated pressures measuring between 80 psig (5.5 Bar)
and 100 psig (6.9 Bar), to a terminal end 412 disposed
proximate a heat source. Referring to Fig. 1, terminal
end 412 may be disposed above kiln burner 118 such
that recycle dust flows to burner 118 under the force of
gravity. In accordance with the present invention, an ox-
idant injection system 420 is installed within dust pipe
410. Oxidant injection system 420 comprises an oxidant
source (not shown) for providing oxidant flow indicated
by arrow 430, an oxidant pipe 424, and nozzle 428 at-
tached to the discharge end of oxidant pipe 424. Oxidant
pipe 424 includes a perforated, or oxidant-permeable,
section 426 that allows a portion of the oxidant flowing
through to pass through the wall of the oxidant pipe and
be transmitted from a radial surface of the oxidant pipe.
Oxidant injection system 420 also preferably includes a
check valve 422 to prevent back flow through the oxi-
dant injection system.

[0032] The embodiment depicted in Fig. 4 provides a
higher oxidant diffusion rate within recycle dust pipe
410, compared to the embodiment depicted in Fig. 3.
An amount of oxidant measuring from just above 0% to
just below 90% of the oxidant flow through oxidant pipe
424 may be transmitted into recycle dust stream 432
from the radial surface of perforated section 426. In-
creasing the oxidant released from perforated section
426 reduces the pressure in oxidant pipe 424, which re-
duces the velocity of oxidant expelled from nozzle 428.
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A lower oxidant velocity at nozzle 428 may be desired
for certain applications, including smaller length kiln ap-
plications, low recycled dust injection rates, or for appli-
cations where it is critical to tightly control the overall
flame temperature within the kiln.

[0033] Itis desirable to maintain a steady flow of fluid
oxidant in oxidant injection system 420 to prevent the
surrounding dust stream from plugging perforated sec-
tion 426 of oxidant pipe 424. If the oxidant source is shut
off, it may be desirable to provide a compressed air
source to continue a fluid flow through oxidant injection
system 424, or to periodically purge the perforated sec-
tion 426 of oxidant injection pipe 424. The L/D ratio may
be maintained in a range of 0.25 to 4.0, as discussed in
connection with Fig. 3. In addition, it will be appreciated
that the perforated holes in the radial surface of oxidant
pipe may be oriented to cause the oxidant to flow from
perforated section 426 at an angle, X, that measures
between 10° to 90°, relative to the to the dust stream
flow direction 434 (see Fig. 4a).

[0034] Fig. 5is aschematic, cross-sectional view, tak-
en along a longitudinal axis, of an oxidant-driven recycle
dust injection system in accordance with a third embod-
iment of the present invention. The embodiment depict-
ed in Fig. 5 employs an oxidant injection system that is
substantially similar to the embodiments depicted in Fig.
3 and Fig. 4, but includes a fuel line 540 in fluid commu-
nication with oxidant pipe 524 for providing a flame
source within recycle dust pipe 510.

[0035] Referringto Fig. 5, recycle dust pipe 510 trans-
ports recycle dust fluidized with air, typically under ele-
vated pressures measuring between 80 psig (5.5 Bar)
and 100 psig (6.9 Bar), to a terminal end 512 disposed
proximate a heat source. Referring to Fig. 1, terminal
end 512 may be disposed above kiln burner 118 such
that recycle dust flows to burner 118 under the force of
gravity. In accordance with the present invention, an ox-
idant injection system 520 is disposed within dust pipe
510. Oxidant injection system 520 comprises an oxidant
source (not shown) for providing oxidant flow indicated
by arrow 530, and an oxidant pipe 524. Oxidant injection
system 520 also preferably includes a check valve 522
to prevent back flow through oxidant injection system.
A fuel pipe 540 disposed within oxidant pipe 524 is con-
nected to a suitable fuel source (not shown) for providing
fuel to oxidant injection system to produce a flame 544
in recycle dust pipe 510.

[0036] Inthe embodimentdepictedinFig. 5, fuel (pref-
erably natural gas) may be used to improve recycled
dust stream injection into the main flame of the kiln. The
substoichiometric combustion of fuel and oxidant in
flame 544 provides a propulsive effect to the recycle
dust stream 532. The combustion of fuel and oxidant in
flame 544 raises the average temperature of recycle
dust stream 532 and also entrains recycle dust stream
532 in the flame core. The resulting hot dust stream 532
is transported for mixing with the main flame. This proc-
ess is thermally efficient since the dust stream is partially
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heated (by as much as 1,000° F (550° C)) in flame 544
before injection into the kiln's main flame. In addition,
the preheated dust and oxidant allows better control of
the overall mixing process. The fuel and oxidant flow ve-
locities preferably range from 100 feet/sec (30m/sec) to
1,000 feet/sec (300 m/sec). As described in connection
with the embodiments depicted in Fig. 3 and Fig. 4, an
L/D ratio of 0.25 to 4 may be used for effective preheat-
ing of dust and hot oxygen injection into the main flame.
The overall stoichiometric ratio (oxygen to fuel ratio) can
be anywhere from theoretically correct (e.g., 2.00) to ox-
ygen rich (e.g., 12.00). A fuel-rich combustion (e.g., a
stoichiometric ratio of 0.1 to 2.00) can be used if oxygen
injection is not required due to the high product temper-
ature or a kiln refractory temperature limitation.

[0037] Fig. 6is aschematic, cross-sectional view, tak-
en along a longitudinal axis, of an oxidant-driven recycle
dust injection system in accordance with a fourth em-
bodiment of the present invention. The embodiment de-
picted in Fig. 6 employs an oxidant injection system sim-
ilar to the embodiments depicted in Fig. 3 and Fig. 4,
except that oxidant pipe 624 is disposed adjacent recy-
cle dust pipe 610 and connects to a baffle 640 for pro-
viding fluid communication between oxidant pipe 624
and recycle dust pipe 610.

[0038] Referring to Fig. 6, recycle dust pipe 610 trans-
ports recycle dust fluidized with air, typically under ele-
vated pressures measuring between 80 psig (5.5 Bar)
and 100 psig (6.9 Bar), to a terminal end 612 disposed
proximate a heat source. Referring to Fig. 1, terminal
end 612 may be disposed above kiln burner 118 such
that recycle dust flows to burner 118 under the force of
gravity. In accordance with the present invention, an ox-
idant injection system 620 comprises an oxidant source
(not shown) for providing oxidant flow indicated by arrow
630, an oxidant pipe 624, and baffle 640 attached to the
discharge end of oxidant pipe 624. Baffle 640 extends
about the radial circumference of recycle dust pipe 610,
however, it will be appreciated that baffle 640 need only
be connected to a portion of recycle dust pipe 640. The
segment of recycle dust pipe 610 connected to baffle
640 includes a perforated, or oxidant-permeable, sec-
tion that allows a portion of oxidant to be transmitted
across the radial surface of recycle dust pipe 610. Oxi-
dant injection system 620 may optionally include a
check valve (not shown) to prevent back flow through
oxidant injection system.

[0039] In the embodiment depicted in Fig. 6, baffle
640 implements a radial-axial oxidant injection. Oxidant
may be injected through multiple holes at an angle (e.
g., between 10° to 90° to the direction of flow of recycle
dust 632) and is mixed with the fluidized dust conveyed
in the dust pipe. Advantageously, the embodiment de-
picted in Fig. 6 may be retrofitted onto an existing recy-
cle dust pipe 610 that is generally straight and it is main-
tained straight after oxidant injection. The oxidant pres-
sure required for this embodiment is relatively higher
than the pressure required for the embodiments, illus-
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trated in and described with reference to Figs. 1-5, due
to the pressure drop encountered through the dust bed
penetration in recycle dust pipe 610. However, the mix-
ing of oxidant with recycled dust is better.

[0040] While the invention has been described with
reference to particular embodiments thereof, it will be
apparent to one skilled in the art that various changes
can be made, and equivalents employed, without de-
parting from the scope of the invention. All of the afore-
mentioned prior documents, including U.S. patents, are
hereby incorporated by reference.

Claims

1. An apparatus for recycling dust in a kiln useful for
producing clinkers, comprising:

a kiln chamber having an inlet and a outlet;

a first burner positioned so that its flame is di-
rected into said kiln chamber;

a recycle dust source for providing a fluidized
recycled dust stream into said kiln chamber;
and

an oxidant source in fluid communication with
the recycle dust source for providing a fluidized
recycled dust and oxidant stream.

2. An apparatus according to claim 1, wherein the
source for providing a fluidized recycled dust
stream comprises:

a recycle dust feeder pipe having an outlet at
a downstream end thereof, said recycle dust feeder
pipe adapted to feed recycle dust to the first burner.

3. Anapparatus according to claim 1 or 2, wherein the
oxidant source comprises:
an oxidant feeder pipe in fluid communication
with the recycle dust feeder pipe at a point upstream
of said recycle dust feeder pipe downstream end.

4. An apparatus according to claim 3, wherein:

the recycle dust feeder pipe has a diameter D;
and

fluid communication between the recycle dust
feeder pipe and the oxidant feeder pipe is es-
tablished at a distance L from an end of said
recycle dust feeder pipe, the ratio of L/D being
between 0.25 and 4.

5. An apparatus according to claim 3, wherein:
the oxidant feeder pipe extends through a por-
tion of the recycle dust feeder pipe.

6. An apparatus according to claim 5, further compris-

ing:
a fuel pipe in fluid communication with the ox-
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idant feeder pipe.

An apparatus according to one of claims 3 to 6,
wherein the oxidant feeder pipe comprises:

a nozzle connectable to an end of the oxidant
feeder pipe.

An apparatus according to one of claims 3 to 7,
wherein the oxidant feeder pipe comprises:

a diffusion section having at least one channel
for releasing oxidant from a radial surface of the ox-
idant feeder pipe.

An apparatus according to one of claims 3 to 8, fur-
ther comprising:

a manifold in fluid communication with the ox-
idant feeder pipe and the recycle dust feeder pipe.

An apparatus according to one of claims 1 to 9,
wherein

fluid communication between the oxidant
source and the source for providing a fluidized re-
cycled dust stream is established in the kiln.

An apparatus according to one of claims 1 to 10,
wherein the oxidant source comprises:

an oxidant supply system for supplying an ox-
idant flow rate of at least 2000 scfm (0.0146 Nm3/
sec).

An apparatus according to claim 11, wherein the ox-
idant supply system provides an oxidant flow rate
that measures between 2000 scfm (0.0146 Nm3/
sec) and 200,000 scfm (1.46 Nm3/sec).

An apparatus according to one of claims 1 to 12,
wherein the oxidant source for providing a fluidized
recycled dust stream comprises:

means for measuring the mass of recycle dust
fed to the first burner.

An apparatus according to claim 13, wherein the ox-
idant source comprises:

a control system for controlling the oxidant
flow rate to obtain a desired ratio between the mass
of recycle dust fed to the first burner and the oxidant
flow rate.

A process for recycling dust in a kiln useful for pro-
ducing clinkers, the kiln including a first burner po-
sitioned so that a flame is directed into a chamber
of the kiln, comprising the steps of:

flowing a fluidized recycle dust stream to the
first burner; and

injecting an oxidant stream into the fluidized re-
cycle dust stream.
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17.

18.

19.

20.

A process according to claim 15, wherein the step
of injecting the oxidant stream into the fluidized re-
cycle dust stream further comprises the step of:

accelerating the oxidant stream to a velocity
that measures between 100 feet per second (30m/
sec) and 1,000 feet per second (300 m/sec).

A process according to claim 15 or 16, wherein the
step of injecting an oxidant stream into the fluidized
recycled dust stream further comprises the step of:

injecting a portion of the oxidant stream into
the fluidized recycle dust stream at an angle that
measures between 10° to 90° relative to the primary
fluid flow direction of the recycle dust stream.

A process according to one of claims 15 to 17, fur-
ther comprising the step of:

injecting a fuel stream into the oxidant stream
to provide a flame for heating the fluidized recycle
dust stream.

A process according to claim 18, wherein the step
of injecting the fuel stream into the oxidant stream
comprises the step of:

accelerating the fuel stream to a velocity that
measures between 100 feet per second (30 m/sec)
and 1,000 feet per second (300 m/sec).

A process according to claim 18 or 19, wherein the
step of injecting the fuel stream into the oxidant
stream comprises the step of:

injecting a portion of the fuel stream into the
oxidant dust stream at an angle that measures be-
tween 10° to 90° relative to the primary fluid flow
direction of the oxidant stream.
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